INTRODUCTION
Coating of powders is of interest for a number applications such as catalysis and powder metallurgy and ceramic powder sintering. In particular, coating of ceramic powder with platinum is of interest in catalysis due to the large platinum surface area per mass unit. Complete coverage of the particles is sometimes difficult to achieve, and adhesion of the film to powder grains can be a problem.
Powder In the present paper we describe a new approach to film synthesis on power particles using cathodic arc plasma deposition. In section I1 we outline the features and capabilities of cathodic arc plasma deposition in general, and focus in section 111 on the application of coatings on power particles. As an example we deposited platinum on alumina powder.
CATHODIC ARC PLASMA DEPOSITION
A high current discharge between a cold cathode and an anode in vacuum or in a gas is called a "cathodic arc". The term "vacuum arc" is frequently used if no gas is present. Cathodic arcs are characterized by plasma production at small, non-stationary cathode spots (see, for instance, [6-81). The arc current of typically 100 A or more is concentrated in a few micron-sized spots which move quickly over the cathode surface. The number of simultaneously active cathode spots depends on current, cathode material and temperature, and cathode surface conditions. Since the current density can be as high as 1012 A/m2 (93, the solid cathode material is transformed into a completely ionized plasma which leaves the cathode spot region with a velocity of 1-2 x 104 m/s (this number is valid for all cathode materials). This velocity corresponds to kinetic ion energies in the range from 20 eV (light ions such as carbon) to 300 eV (heavy ions such as platinum). Thus the cathode material is eroded and forms an energetic plasma jet. A current-canying part of the plasma streams to the anode, and another part of the plasma can be used to synthesize metal films on arbitrary substrates. Sometimes the term "cathodic arc evaporation" is used. This is term suggests misleadingly that neutral vapor is involved. However, it is fully ionized plasma that is actually used in depositing a film.
Cathodic arc plasma deposition can operate in the complete absence of any gases ("vacuum arc plasma deposition"), and thus pure metal films are be obtained. If the cathodic arc is operated in reactive gases (e+, nitrogen, oxygen), compound films can be formed (e.& nitrides, oxides). Due to the high ion energ, the films formed have very interesting properties such as high density, smooth surface, and good adhesion. It is believed that a broad intermixed region which forms between the substrate and the film is responsible for the observed good adhesion properties. Cathodic arc plasma deposition of TiN films [ 10,111 and (hydrogen-free) hard amophous carbon films [12, 13] have been up to now the most successful applications of the method.
Cathodic arc plasma deposition can be modified by filtering the plasma prior deposition to remove micron-size "macroparticles" and a small neutral component [ 14, 153. Some applications such as optical coatings require filtering to obtain acceptable film quality. Other applications such as metallurgical coatings can be done without filtering but with very high deposition rate [ 161. Another modification of cathodic arc plasma deposition results when a negative bias is applied to the (conductive) substrate. An electric sheath forms around the substrate, and ions are accelerated in the sheath and arrive at the surface with an energy given by the sheath voltage and ion charge state. This represents an alternative way of doing ion implantation (171. Because we used (nonconductive!) alumina powders in the present experiments, no substrate bias was applied.
EXPERIMENT
The metal plasma in our experiments was produced using a small cathodic arc plasma gun (Fig. 1) . The cathode is a rod made of the material to be transformed into a plasma (here platinum). The cathode rod is insulated from an annular anode cylinder by an alumina ceramic tube. Each arc pulse is triggered by a surface flashover from a trigger electrode to the cathode surface (trigger duration about 10 ps, trigger current 4 A, initial voltage 12 kV). The voltage between cathode and anode breaks down to about 20 V after the arc is triggered. Cathode spots bum only on the front face of the cathode rod because the rest of the cathode is shielded by the ceramic tube, More details and photos of our cathodic arc sources have been published previously Cathodic arc plasma deposition has been used up to now for .deposition of metal or compound films on more-or-less regularly formed, relatively large substrates. There is no reportto OUT knowledge -about coatings on powder particles. Since the flow of plasma from a cathodic arc plasma source is directional, not all sides of a substrate or sample are coated but only the side facing the source. In order to obtain a film covering all sides, either the substrate or the source must be moved, and we have done this in the past (substrate movement [ 181, source movement [ 191) . A powder, however, consists of many "individual miniature substrates,' so that this conventional approach will not work.
The usual approach is to move many powder particles simultaneously in a rotary bed (see, for instance, [2-53). Another approach is to use a mechanical resonance system. We modified a large loudspeaker system to make it vacuum compatible and mounted it on a frame (Fig. 2) . A Petri dish of 5 cm diameter was attached to the moving central magnet. Powder was put in the Petri dish and remained there during evacuation held by gravity. The pressure was 3 x 10-7 Torr (4 x 10-5 Pa). For most experiments we used A1203 powder (activated, neutral, gamma, 96% purity of metal basis, from Johnson Matthey Electronics) of mesh size 60, corresponding to grain sizes of 250 pm and smaller.
Above this mechanical arrangement we mounted a vacuum arc plasma source which was equipped with a platinum cathode (rod diameter 6.2 mm). Platinum was chosen due to its importance in catalysis. The distance between source exit and Petri dish was 5 cm The Petri dish was set in motion after evacuation using the vibration system which was powered by a function generator. The frequency was tuned to the resonance frequency of the mechanical system (20 Hz) . The motion of the dish including the powder could be observed through a window and easily controlled by choosing a suitable power amplitude (about 5 V into 8 SZ impedance, i.e. about 0.6 W) and frequency. The motion of powder particles depends vezy much on these parameters; they were chosen such as to make the particles rdance" up to a few millimeters above the bottom of the Petri dish. Experiments with 1.5 micron A1203 powder (alpha, 99.99% purity of metal basis) showed that these very small powder particles $end to.
After the motion of powder particles was initiated, the platinum plasma source was switched \, on. It operated in a pulsed mode with an arc current of 150 A, arc duration 1 ms, and arc repetition rate of 5 pulses per second (thus the arc duty cycle was 0.5%). No macroparticle filter was used because platinum macroparticles can be tolerated in catalytic application. The deposition experiments were stopped after 4000 arc pulses (about 13 min.).
agglomerate, and therefore we restricted our experiments to powder of mesh size 60.
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RESULTS AND DISCUSSION
The powder particles were investigated using scanning electron microscopy and Auger electron spectroscopy. Both methods show clearly that all particles were completely covered with platinum. An example of an Auger electron spectroscopy survey is shown in Fig. 3 ; no oxygen or aluminum signals were detected, hence platinum coverage is complete. A platinum film thickness of about 100 nm was derived. The typical kinetic ion energy of platinum ions in the cathodic arc plasma jet is about 300 eV, and thus the impact onto a substrate surface causes intermixing. We could not find any indication that the platinum film peels off the powder particles, and so we assume that adhesion is very good. Previous experiments in the field of cathodic arc plasma deposition show that intermixing of substrate and film occurs, and it seems reasonable to attribute good adhesion to intermixing also under the present conditions. Fig. 4 shows deposition with intermixing calculated by the Monte Carlo code T-DYN [20] . The pulse operating mode allows working with a small average arc power (in the present experiment 15 W), and thus it requires only small, relatively low-cost equipment and no cooling of plasma source and substrate. For industrial application, however, it seems inevitable to operate a dc arc facility. The actual deposition time was only 20 seconds in our experiment, and thus the actual deposition rate was 5 nm/s. For comparison, sputter coating of YBa2Cu307 powder (diameter 80 pm and smaller) with silver took several hours with a rate smaller than 0.1 nm/s [3]. Therefore, cathodic arc plasma deposition can be considered as a high-rate (and therefore lowcost) method providing superior film properties such as good adhesion. Another advantage is that deposition (including reactive deposition) can be done with the substrate at room temperature. For comparison, deposition of TiN on iron powder (mesh 150-200) was done at a temperature of about 1000°C with a deposition rate of 0.2 nm/s [2]. Cathodic arc plasma deposition is an environmentally friendly method since no hazardous waste is generated. In contrast, reactive gases and solvents are used in chemical vapor deposition on powders[ 1,2].
In conclusion, we have shown that cathodic arc plasma deposition is a high-rate, low-cost, environmentally friendly deposition method which can be extended to coatings of powders. As an example we have demonstrated film synthesis of platinum (100 nm thickness) on A1203 powder (mesh 60) at a rate of 5 rids.
